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(1.1) $f_{0}(u, v)=(u, uv, v^{2})$ ,
$C^{\infty}$-
$M^{2}$ 2 $C^{\infty}$ - $f$ : $M^{2}arrow R^{3}$ $p$
$p$
$(u, v)$
(1.2) $f_{v}(p)=0, \det(f_{u}(p), f_{uv}(p), f_{vv}(p))\neq 0$
Whitney
2 R3
1817 2012 87-99 87
Whitney
$n$ $(n\geq 2)$ $R^{2n-1}$






$n=2$ $M^{2}$ $P^{2}(R)$ $C^{\infty}$-
$F$ : $R^{3}\ni(x, y, z)\mapsto(yz, zx, xy)\in R^{3}$
$F$ $P^{2}(R)$
$R^{3}$ $C^{\infty}$ -
$Ro$man ( 2 ),
6 Whitney















































$f(u, v)=(u, uv+ \sum_{i=3}^{n}\frac{b_{i}}{i!}v^{i}, \sum_{r=2}^{n}\sum_{j=0}^{r}\frac{a_{jr-j}}{j!(r-j)!}u^{j}v^{r-j})+O(u, v)^{n+1}$
$=(u, uv, \frac{a_{20}u^{2}}{2}+a_{11}uv+\frac{a_{02}v^{2}}{2})$
$+ \frac{1}{3!}(0, b_{3}v^{3}, a_{30}u^{3}+3a_{21}u^{2}v+3a_{12}uv^{2}+a_{03}v^{3})+O(u, v)^{4}$
$a_{02}$
$(u, v)$ $(-u, -v)$ $R^{3}$ $(x, y, z)$
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$(-x,y, -z)$ $a_{02}>0$





1 (Kuiper [4]). $M^{2}$ 2




$C^{\infty}$- $f$ : $M^{2}arrow R^{3}$
























$($ 4.3 $)$ $(f_{0})_{v}\cdot(f_{0})_{v}=(f_{t})_{v}\cdot(f_{t})_{v},$
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$f_{0}(u, v)=(0,0, \frac{a_{02}}{2}v^{2})+u(1, v, a_{11}v)$
1 ([3]). $c(s)(|s|<\pi/2)$ $s$
$S^{2}$
$\xi(v):=\sqrt{1+v^{2}(1+(a_{11})^{2})}c(s(v))$ , $s(v):=$ arctan $(v\sqrt{1+(a_{11})^{2}})$ ,
$\gamma(v):=\frac{a_{02}}{1+(a_{11})^{2}}\int_{0}^{v}tB(t)dt,$ $B(t):=a_{11}\xi’(t)+\xi(t)\cross\xi’(t)$ ,




























6([3]). $a_{02},$ $a_{20},$ $a_{11}$
$(u,v)$
$(u,v)=(0,0)$ $\det$





$E:=f_{u}\cdot f_{u}, F:=f_{u}\cdot f_{v}, G:=f_{v}\cdot f_{v}$
$|f_{u}|=\sqrt{E},$ $|f_{u}\cross f_{vv}|^{2}=|f_{u}|^{2}|f_{vv}|^{2}-(f_{u}\cdot f_{vv})=EG_{vv}-(F_{v})^{2}$
$a_{02}$ $[f_{u}, f_{uv}, f_{v }]$
$E,$ $F,$ $G$
$[f_{u}, f_{uv}, f_{vv}]^{2}=\det((\begin{array}{l}f_{u}f_{uv}f_{vv}\end{array})(f_{u}, f_{uv}, f_{vv}))$
$=\det(\begin{array}{lll}E F_{u} F_{v}F_{u} G_{uu}/2 G_{uv}/2F_{v} G_{uv}/2 G_{vv}/2\end{array}).$
$f_{v}(0,0)=0$
$f_{u}\cdot f_{u}=E, f_{u}\cdot f_{uv}=F_{u}, f_{u}\cdot f_{vv}=F_{v},$

















$\Sigma_{t}$ $\bigcup_{t\in R}\Sigma_{t}$ (caustic, focal surface)
2 (focal conic)
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